Abstract Species that participate in mixed-species groups (MSG) may have complementary roles in antipredator strategies. We studied vigilance in mustached tamarins (Saguinus mystax), small arboreal primates that form stable mixed-species groups with saddleback tamarins (Saguinus fuscicollis), in order to examine how the direction of vigilance changes with different species group compositions and whether the division of labor between the two species can be confirmed. We did so by comparing quantitative and qualitative differences in vigilance behavior between same individuals in and out of association (case A); MSG and single-species groups of the same total group size from two different populations (case B); and MSG of the same group size but with a different ratio of conspecifics to heterospecifics (case C). We predicted that individuals would increase downward scanning when heterospecifics are absent or their percentage is low, but total vigilance would increase only in case A due to the group size effect. However, mustached tamarins increased total vigilance due to horizontal scanning in cases A and C, and the predictions were confirmed only in small-sized groups in case B. Thus, we found indications that associating tamarin species in MSG might complement each other in the direction of vigilance, but the division of labor alone does not satisfactorily explain all the findings. There appear to be other mechanisms at work that define how direction of vigilance changes with group size and species composition. Complementarity of species probably occurs due to species vertical stratification rather than differences in the direction of vigilance.
Introduction
Mixed-species groups (MSG) can be observed in a number of vertebrate taxa including fish (Ehrlich and Ehrlich 1973; Semeniuk and Dill 2006) , birds (Morse 1977; Thompson and Barnard 1983; Metcalfe 1984; Munn 1986 ) and mammals (Struhsaker 1981; Cords 1990; Fitzgibbon 1990; Shelden et al. 1995; Herzing and Johnson 1997; Heymann and Buchanan-Smith 2000) . Benefits of forming such associations are considered in terms of predator detection and avoidance, increased foraging efficiency, and reproductive advantages (reviewed in Stensland et al. 2003) . However, antipredator benefits are most often considered as the ultimate cause leading to the evolution of MSG (Thompson and Barnard 1983; Munn 1986; Fitzgibbon 1990; Noë and Bshary 1997; Semeniuk and Dill 2006) , and in primates strong predation pressure may even be one of the preconditions for MSG formation (Struhsaker 1981; Gautier-Hion et al. 1983; Terborgh 1990 ). Larger single-species groups (SSG) are supposed to be safer due to both the detection (Pulliam 1973 ) and dilution effects (Hamilton 1971) . Individuals in MSG have the same antipredator advantages as animals forming SSG, while avoiding increased intraspecific competition for food and mates, which poses a limitation on how large SSG can be (Terborgh 1990; Caine 1993; Hardie and Buchanan-Smith 1997) .
Besides contributing to group size, heterospecifics might also have a complementary role in antipredator behavior. Associated species may occupy different microhabitats or show physiological differences in perception and could therefore differ in the type of stimuli they are more likely to detect. In primates, species mainly residing in higher forest strata are often more likely to detect and to warn against aerial predators, while species mainly residing in lower strata are more likely to detect and to warn against terrestrial predators (Gautier-Hion et al. 1983; Peres 1993) . The presence of one species can change the direction of vigilance and habitat use of another Porter 2001; McGraw and Bshary 2002; Wolters and Zuberbühler 2003) .
Mustached tamarins (Saguinus mystax) are cooperatively breeding arboreal New World primates that provide an interesting model for a study of vigilance. They have a highly cooperative social system with low levels of agonistic within-group interactions and lack an apparent dominance hierarchy (Heymann 1990b (Heymann , 1996 . Due to their small body size, they are a subject to strong predation pressure, mostly by large raptors but also by snakes and terrestrial predators such as ocelot and tayra (Galef et al. 1976; Terborgh 1983; Heymann 1990a; Peres 1993; Oversluijs Vasquez and Heymann 2001; Shahuano Tello et al. 2002) . They form stable mixed-species groups with saddle-back tamarins (Saguinus fuscicollis), and shared vigilance is proposed to be one of the major reasons for the formation of such groups (Heymann and Buchanan-Smith 2000) . Peres (1993) suggested that the two species, which show vertical stratification in the forest, might additionally enhance predator detection by functional division of labor in antipredator vigilance. He found that mustached tamarins that occupy higher levels of the forest were usually the first to emit alarm calls to aerial predators, and lower-living saddleback tamarins were more likely to warn against terrestrial predators. Similarly, in captive MSG of tamarins the higher-ranging species was quicker to discover objects at higher levels, and the lowerranging species was quicker to discover objects on the floor (Hardie and Buchanan-Smith 2000) . The aim of the present study is to examine whether this division of roles is reflected also in the direction of vigilance. The results in the literature are inconsistent: captive red-bellied tamarins (Saguinus labiatus) and wild mustached tamarins were found to spend more time looking upwards or sideways than lower-living saddleback tamarins, and saddlebacks spent more time looking downwards than the higher-living species (Peres 1993; Buchanan-Smith and Hardie 1997) . While this supports the idea of the division of labor, Smith et al. (2004) and Kirchhof (2003) came to opposing results in wild mustached-saddleback MSG. When focusing on the direction of vigilance in mustached tamarins only, results from different studies are confusing already due to differences in how direction of vigilance was recorded: Peres (1993) reports more looks sideways or up than downwards, Kirchhof (2003) slightly more looks upwards than downwards, and Smith et al. (2004) more side-sweeps than look-ups.
In a previous study, we already demonstrated the group size effect and the importance of proximity of conspecifics as well as heterospecifics on vigilance of mustached tamarins living in associations with saddle-back tamarins (Stojan-Dolar and Heymann 2009), which indicates that the presence of heterospecifics contributes to safety in tamarin MSG. Here, we examined how the direction of vigilance changes with different species group compositions and whether the division of labor between the two species can be confirmed. We did so by comparing quantitative and qualitative differences in vigilance behavior between MSG and SSG. In the wild, this kind of comparison is very difficult because tamarin MSG are so stable that they can rarely be observed out of association . We solved this problem by including an isolated population of mustached tamarins that lives on an island where no other primates are present and forms SSG of comparable size to that of MSG in the wild. The following comparisons were made ( Fig. 1 ): MSG and SSG within the same wild population (same individuals in and out of association) (comparison A); MSG and SSG of the same total group size from two different populations (comparison B), and MSG of the same group size but with a different ratio of conspecifics to heterospecifics (comparison C). If larger groups are safer and the lower-living saddleback tamarins are more likely to detect terrestrial threats, the following predictions can be made: (1) Individuals in groups that usually associate with saddleback tamarins will increase their total vigilance when out of association and especially increase the percentage of time spent scanning downwards. (2) Individuals in SSG will show similar levels of vigilance as individuals in MSG of the same size but would spend more time scanning downwards. As for the third comparison, it is possible that a mere difference in the percentage of heterospecifics does not cause a response in individual vigilance behavior, but if it does individuals in the group with less heterospecifics would be expected to (3) spend more time looking downwards, whereas total vigilance levels in groups of the same size should not change.
Methods

Study sites and subjects
Wild mustached tamarins were observed at two study sites in the northeastern lowlands of Peruvian Amazonia. The first site, Estación Biológica Quebrada Blanco (EBQB), is located about 70 km southeast of Iquitos (4°21′ S, 73°09′ W) and is covered by primary tierra firme forest (see Heymann 1995 for details). Mixed-species groups of tamarins have been continuously followed for at least 6 years before the onset of this study. Three groups of mustached tamarins were observed for 136 days between February 2006 and March 2007, covering both rainy and dry season. During the rainy season, each group was observed for 5-6 days every month, and during the dry season each group was observed for 5-6 days every second month. The mean group size (±SE) was 6.6±0.2 (range, 5-9), including 2.9±0.1 adult males (range, 2-5) and 1.6±0.1 adult females (range, 1-2). They formed stable mixed-species groups with 5.1±0.3 saddleback tamarins (range, 2-8).
The second location, Padre Isla (PI), is an approximately 8 km 2 island on the Amazon River near Iquitos (3°44′ S, 73°14′ W) (described in Heymann 1990b) . No primates originally lived on the island, but in 1977, 1978, and 1980 , 87 wild-trapped S. mystax were released there by the Peruvian Primatological Project (Ique 2000) . The island is covered by seasonally flooded (January-May) secondary forest and fruit and yuca plantations. Observations were only possible during the dry season. There are human settlements on the island, so this population is used to human presence, and groups have occasionally been followed by researchers (e.g., Heymann 1990b; Garber et al. 1993; Garber and Pruetz 1995; Tornow et al. 2006 ). However, in order to minimize the potential problems resulting from comparing populations with different degrees of habituation, we followed the monkeys for 2 months before starting the observations. After this additional habituation period, the monkeys did not pay more attention to observers than those at EBQB. Two groups of mustached tamarins were observed for 63 days between August 2006 and January 2007. Each group was observed for approximately 10 days every second month. The mean group size (±SE) was 10.75±0.68 (range, 8-14) , including 2.42±0.47 adult males (range, 1-5) and 2.75± 0.13 adult females (range, 2-3). Since no other primates are present, mustached tamarins on PI live in single-species groups (SSG). Animals at both sites were individually identified by differences in pelage patterns, body size, and shape and pigmentation of reproductive organs (Löttker et al. 2004 ). None of the observed females was in estrus.
Observation methods
Vigilance was defined as observable head movements in stationary animals where scanning is directed beyond arm's reach (Treves 1998 ). Looking at their own body, body of a grooming partner, objects close to their own body, or objects held in hands was not considered as vigilance. Looking beyond arm's reach was excluded in two cases, since it is reasonable to assume that in these situations animals cannot effectively perceive the environment: (a) staring without head movements in an unusual head position (when head is turned upside-down and eyes are lower than the mouth) while being groomed, and (b) when an animal is scratching its head in such a way that the head shakes.
Continuous focal sampling (Martin and Bateson 1990 ) was used to record vigilance status (vigilant, not vigilant), the direction of scanning (up, down, horizontal) , and individual activity. Scanning upwards was defined as looking towards the sky at an angel of at least 45°, scanning downwards was defined as looking towards the ground at an angel of at least 45°, and scanning in between was considered as horizontal. With every observation, data on the height of the focal individual was also collected, and a height class was ascribed to every observation (0, ground; Predictions regarding the changes in total vigilance levels and in direction of vigilance refer to the group depicted on the right compared to the group depicted on the left in each case 1, 0-3 m; 2, 3-6 m; 3, 6-9 m; 4, 9-12 m; 5, 12+ m). We chose the focal animal based on which individuals were visible in order to maximize the amount of data collected. When a choice was possible, we chose the individual with least observations, unless it had been the focal animal during the previous 30 min. The activities were defined as follows: resting-sitting or laying without being engaged in any activity that requires visual attention; feeding-ingesting food or searching for prey using one or both hands to investigate leaves, bark, holes etc.; allogrooming-going through the fur of another individual with the hands; autogrooming-going through own fur with the hands. In order to evaluate the suitability and reliability of the definition of vigilance, a reliability test was performed prior to data collection.
Observation conditions allowed for 30-120 s focal observations. Data were entered directly into a hand-held computer using The Observer Mobile® software. The two species were considered as a MSG when at least one individual from one species was less than 20 m apart from one individual from the other species (Struhsaker 1981) . In order to ensure independence of observations, the same individual was never resampled within a 30-min time period.
Data analysis
For every individual, the proportion of time spent vigilant was taken as a measure of vigilance. Only individuals that had at least ten observations under specified conditions were considered in the analyses. Percentages of time spent vigilant were averaged for each individual, using only observations from groups of the specified composition. These individual mean values were used as data points in further analyses. In all cases, we used nonparametric statistical tests. The following comparisons were made:
A. Comparison of vigilance behavior of individuals at EBQB in and out of association. Since tamarins in the wild are very rarely found in SSG, we only had enough data to compare vigilance in nine individuals from different groups. B. Comparison between MSG at EBQB and SSG at PI of the same total group size. The size of all the study groups was varying in time. There was a sufficient amount of data to include two pairs of MSG and SSG. The pair of smaller groups had a total group size of eight, and the pair of larger groups had a total group size of 13. For this analysis, it was possible to divide comparisons by activity: vigilance in larger groups was compared during resting and during feeding, whereas for smaller groups the data only allowed a comparison during resting.
Predation pressure at different sites could be different, which would influence vigilance and render the comparison difficult. Since it is not possible to measure the predation pressure directly, we recorded alarm calls emitted by tamarins as a measure of perceived predation risk (Hill and Dunbar 1998) . The rate of alarm calls was almost the same for both sites, so we were able to continue the analysis without controlling for predation pressure.
C. Comparison between two MSG of the same size (14 individuals) but different species composition (43% and 64% of mustached tamarins). The amount of data under these specific conditions did not allow for splitting by activity.
To compare heights of different groups, mean of the height class values was calculated for every individual under the specified conditions.
Results
At EBQB (comparison A), individuals increased their overall vigilance in the absence of heterospecifics (Wilcoxon exact: T=1, N=9, p=0.020; Fig. 2 ) due to an increase in horizontal scanning (T=1, N=9, p=0.008). There was no difference in looking upwards (T=4, N=9, p=1.000) or looking downwards (T=4, N=9, p=0.652).
When comparing groups of the same size at different sites (comparison B), we first compared the rate of alarm calls, which did not differ between the two sites (0.33±0.23 per 10 h of observation per individual for EBQB (mean ± SD) and 0.33±0.11 for PI; Mann-Whitney U: n1=27; n2=6; Z=−0.420; p=0.674). The group compositions of our study groups enabled us to compare two pairs of groups: smaller groups with a total of eight individuals and larger groups with at total of 13 individuals. However, in both cases, data at EBQB were collected during the rainy season, while observations on PI were only possible during the dry season. Therefore, we first checked whether season affected vigilance at EBQB to make sure that observations collected at different times of the year are comparable. We found that vigilance during feeding was higher in the rainy season (total vigilance: T=2, N=14, p=0.019; up: T=5, N=14, p= 0.140; horizontal: T=4, N=14, p=0.084; down: T=6, N= 14, p=0.331; Wilcoxon exact), but vigilance during resting was not affected by season (total vigilance: T=7, N=17, p= 0.906; up: T=8, N=17, p=0.795; horizontal: T=7, N=17, p=0.356; down: T=6, N=17, p=0.309; Wilcoxon exact). Possible reasons for this difference are beyond the scope of this study, but in order to avoid confounding effects we conducted comparison B only with data on vigilance during resting. The only significant difference was found in smaller groups (eight individuals) where individuals in SSG spent more time looking downwards than in MSG (Fig. 3, Table 1 ). Larger SSG at PI and MSG at EBQB (13 In all cases, the monkeys spent two to five times more time looking horizontally than upwards or downwards (Table 2 ). They also tended to look more downwards than upwards during resting; this difference was significant for the larger MSG group at EBQB and for both groups at PI (Table 2) .
In MSG of the same size but different species composition (comparison C), individuals in the group with a higher percentage of conspecifics were more vigilant (Mann-Whitney U: n1=5; n2=6; Z=−2.373; p=0.046) due to differences in horizontal scanning (Z=−2.556; p= 0.032, Fig. 4 ). There were no differences in looking upwards (Z=−0.365; p=1.000) or downwards (Z=−0.183; p=0.886).
Individuals in SSG that were temporarily out of association (comparison A) were found higher in the forest than when they were in MSG (Wilcoxon: T=0, N=5, p= 0.008). The same was true for individuals in SSG at PI compared to MSG at EBQB (comparison B) for both larger (Mann-Whitney U: n1=5; n2=8; Z=−2.635; p=0.008) and smaller (n1=5; n2=8; Z=−2.781; p=0.005) pair of groups. Individuals in MSG with different percentages of conspecifics (comparison C) did not differ in heights (MannWhitney U: n1=5; n2=6; Z=−1.551; p=0.121).
Discussion
We found weak support for complementarity of the direction of vigilance between the two associating tamarin species. Only the comparison between SSG and MSG of the same size supported our prediction (comparison B, prediction 2), and that was true only for individuals in smaller groups during resting where individuals in the population that never associated with other species looked downwards more than individuals in MSG (Table 2, Fig. 3) . In larger groups, there were no differences between MSG and SSG of the same size, which could imply that heterospecifics play a more important role in smaller groups, but data on more groups would be needed for firmer conclusions.
The idea of the division of labor was further supported by the analysis of directions of vigilance within groups (Table 2) . Mustached tamarins in all groups tended to look downwards more than upwards, but while the difference at EBQB was of only a few percent and However, comparisons of vigilance behavior in cases A and C gave results that were less straightforward. Individuals that were temporarily out of association (case A) increased their total vigilance as predicted by the group size effect, but that was due to horizontal, not downward, scanning. A similar behavioral response was observed when comparing individuals in the group with a higher percentage of conspecifics with those in the group with a smaller percentage of conspecifics (case C), although we predicted no difference in total vigilance levels in groups of the same size. We offer three explanations for why horizontal scanning increases in these two cases. First, non-antipredator functions such as food searching and especially social vigilance are probably much more included in horizontal than in upward or downward scanning because conspecifics are usually found at about the same height as the focal individual. Having other functions in addition to antipredator detection is probably also the reason why horizontal scanning takes up much more of animals' time than looking upwards or downwards (Table 2) . In a group with more conspecifics (comparison C), there is probably an increased need for social vigilance. Our previous study suggests that, while the major function of vigilance is predator-related, the most probable reason for monitoring conspecific group members in mustached tamarins is maintaining group cohesion (Stojan-Dolar and Heymann 2009 ). This certainly becomes more challenging with an increased number of conspecifics in the group. Yet, this interpretation does not explain why horizontal scanning increases when mustached tamarins are temporarily found out of association (comparison A). Other functions of social vigilance such as avoiding food stealing or aggression that are usually mentioned in studies on other species (e.g., Jones 1998; Steenbeek et al. 1999; Hirsch 2002) have not been found in the relatively non-aggressive society of these cooperatively breeding primates.
Second, due to the arboreal nature of neotropical felines callitrichids might increase horizontal or even upward scanning as a response to terrestrial predators (Barros et al. 2008) . Neotropical felines and tayras can climb trees occasionally (Emmons 1987; Wang 2002) , and the absence of the lower-living species certainly increases the probability that a predator climbing up a tree will remain unnoticed. This may be why mustached tamarins in both temporary and permanent SSG were found at greater heights than those in MSG (even though the forest at PI was actually lower than at EBQB), which gives an impression that this is a general reaction to the absence of heterospecifics that is not conditioned with the type of predators. The height of saddleback tamarins, on the other hand, is not affected by the presence or absence of congeners (Buchanan-Smith 1999), which may mean that they are more specialized to their specific niche and/or that there are antipredator benefits of living in lower forest strata.
And third, since mustached tamarins are found at higher levels in the forest and raptors are ambush predators that often perch within canopies (Rettig 1978; Robinson 1994 ), it might not be necessary to elevate the gaze for more than 45°in order to detect them-especially since monkeys even further increase their height when in SSG. Horizontal scanning might therefore also have an important role in detection of aerial predators, and it has been understood as such also in some other vigilance studies (Peres 1993; Bshary and Noë 1997) . Increased vigilance against raptors in a group of the same total size but with fewer heterospecifics (case C) or in the absence of heterospecifics (case A) can imply that lower-ranging heterospecifics have a complementary role that cannot be compensated by adding additional conspecifics, not only in the detection of terrestrial but also aerial predators. This might occur because the lower-ranging saddlebacks see the upper levels of the forest and the sky from a different angle-a fact that could be important in a habitat with dense vegetation. But it can also emerge simply because the benefits of contributing vigilance in such a group are greater than in a group with more heterospecifics. In this case, contributing vigilance can be seen as a case of a component tragedy of the commons, where vigilance is a (Rankin et al. 2007) . When the percentage of conspecifics is high, it is more likely that a predator would take a conspecific than when the percentage of conspecifics is low. Here, it is important to note that tamarins live in a highly cooperative society where reproductive success depends heavily on help from conspecifics (Caine 1993; Garber 1997 ) and where the degree of relatedness within the group is relatively high (Huck et al. 2005) . Hence, if a predator kills a conspecific, this can have direct consequences for the fitness of other individuals-they lose a helper who is also quite likely to be a close relative. The associating species therefore both contribute vigilance to improve group safety, but the ratio between costs and benefits of contributing depends on the percentage of conspecifics in MSG. When the benefits/percentage of conspecifics are high, they tend to contribute more; when the benefits/percentage of conspecifics are low, they tend to free-ride more. However, vigilance can never drop under a certain level because individuals also increase their personal safety by being watchful.
In addition to that, individuals that are temporarily out of association (case A) are probably more vigilant already due to the group size effect. However, it remains unusual that upward scanning that certainly also serves detecting birds of prey did not increase.
A general observation based on our results is that the two populations did not respond in the same way to changes in group size and species composition. Tamarins from EBQB reacted by increasing total vigilance due to increased horizontal scanning, whereas the comparison with same-sized groups from PI revealed either no differences in vigilance or the expected changes in downward scanning (Fig. 1) . Summarizing the abovedescribed mechanisms, we may explain the observed results as follows: In case A, individuals that are temporarily out of association increased their vigilance due to the group size effect, the absence of the lowerranging species, and/or increased benefits of contributing vigilance. In case B, individuals in the smaller groups from PI increased their vigilance against terrestrial predators due to the permanent absence of the lowerranging species. And in case C, individuals in the group with a higher percentage of conspecifics increased their horizontal scanning due to an increased need to monitor conspecifics in order to maintain group cohesion and/or increased benefits of contributing vigilance.
It is difficult to speculate about the reasons for these mechanisms to act only under certain circumstances. However, there are two major differences between the populations that could give some clue as to why this occurs. First, the forest on PI is less dense and lower than at EBQB, and as a consequence it is possible that there are different species of birds of prey present that might use different attack tactics. By recording alarm calls, we measured perceived predation risk, but we were not able to identify species that actually prey upon tamarins. Birds or conspecifics within the canopy are easier to detect in conditions of lower vegetation density, and therefore, benefits of increasing horizontal vigilance in order to monitor conspecifics or to detect aerial predators are not the same as at EBQB. Furthermore, there are no felines or tyras on the island, which means that horizontal scanning is unlikely to be intended to detect terrestrial predators. However, terrestrial threat is not absent as monkeys perceive dogs as potential predators. And second, tamarins at PI do not have any experience with other primate species, while animals at EBQB have had an opportunity to learn to adjust their vigilance according to the group species composition. Being only temporarily out of association or having a lower percentage of heterospecifics in MSG might elicit different reactions than living permanently in SSG and not having any experience with other primates.
Comparison with results of other studies on primate MSG that are analogous to our comparison A also implies that there is no uniform explanation for changes of vigilance patterns under different MSG/SSG conditions (Table 3) . Individuals in different combinations of African cercopithecids have been observed to increase, decrease, or not to change their total vigilance at all when they are temporarily found in SSG, which appears to depend on which species they associate with (Cords 1990; Chapman and Chapman 1996; Bshary and Noë 1997; Treves 1999) . With regard to callitrichids, a study on captive red-bellied (S. labiatus) and saddleback tamarins revealed that higherranging red-bellied tamarins increased "scanning" when they were housed without saddlebacks Hardie and Buchanan-Smith 1997) . Since the definition of "scanning" in that study included also looking sideways, these results might be consistent with our findings.
Mixed results are not uncommon in vigilance literature. The effects of sex, age, distance to cover, and also group size on vigilance vary greatly across different species and studies (reviewed in Caro 2005; Beauchamp 2008) . Inconsistent results from studies on different species could occur due to differences in predation pressure between sites and species, differences in typical group sizes of different species, but also differences in methodology employed by different researchers. In order to facilitate comparison between species and populations, future studies should differentiate between all three possible directions of vigilance and take into account that vigilance can have a social as well as an antipredator component that might show different patterns (Klose et al. 2009 ). Different studies also operate with different measures of vigilance (percentage of time vigilant, frequency/duration of vigilance bouts) that appear to give different results (e.g., Trouilloud et al. 2004; Beauchamp 2008) .
To sum up, we found indications that associating tamarin species in MSG might complement each other in the direction of vigilance, but the division of labor alone does not satisfactorily explain all the findings. There appear to be other mechanisms at work that define how direction of vigilance changes with group size and species composition. However, this does not directly contradict the notion that heterospecifics have a complementary role in antipredator strategies of MSG. The two species notice different predators already because they live in different forest strata (Gautier-Hion et al. 1983; Peres 1993 ) and might additionally complement each other by seeing the same predators from different angles; therefore, additional adjustments in the direction of vigilance may not always be necessary. In this case, division of labor between species is still very important, it just does not occur due to differences in the direction of vigilance but rather due to vertical stratification per se. Gebo and Chapman (1995) .
b Scanning in this study is defined as "moving the head from side to side and/or up and down in a continuous flux of movement, excluding fixated stares or scanning the floor area." Look-ups are defined as "deliberate large single head movement upwards or a stare in an upward direction where the head is usually angled 45°or more and not moving side to side" Interestingly, increasing the height in the forest appears to be a more uniform reaction to the absence of heterospecifics than changes in vigilance patterns. Data on more groups and populations and on responses of lower-ranging saddleback tamarins would be needed to gain clearer insight into mechanisms and ecological relevance of complementarity of antipredator behavior in species participating in MSG.
